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Welcome
Welcome to the 2017 GHBMC Users' Workshop! On behalf of Elemance, LLC we sincerely
hope you enjoy today’s technical program. We would like to thank our generous sponsors,
Global Human Body Models Consortium (GHBMC) and General Motors, for supporting this
event. The workshop contains 14 talks from 11 research groups in five sessions. Topics will
cover studies on regional, pedestrian applications, model positioning tools, and model
morphing applications.

Elemance, LLC
Elemance’s vision is to protect and improve human life by providing virtual human body model
based tools and expertise to enable truly human centered design. Elemance is the sole
distributor of the GHBMC family of models. We license a number of human body models, both
male and female. They are designed to be representations of seated and standing human
beings, in both detailed and simplified versions. Elemance provides maintenance,
enhancement and support of licensed models, and consulting services related to
biomechanics, injury biomechanics, and other human modeling applications. For more
information, please visit www.elemance.com.

Global Human Body Models Consortium - GHBMC
The Global Human Body Models Consortium (www.ghbmc.com) is a consortium of seven
automakers and one supplier who aim to consolidate individual research and development
activities in human body modeling into a single global effort to advance crash safety
technology. The Consortium includes additional participants within the automotive, supplier
and government sectors. The GHBMC, along with its academic and industry partners, have
developed a family of human body models for dynamic modeling and simulation
activities. There are currently 13 models under development within the GHBMC program
ranging in model complexity, gender, posture and age.
GHBMC Contacts:
Steering Committee Chairman: John Combest, CombesJ@nrd.nissan-usa.com
Technical Committee Chairman: Dr. Jenne-Tai Wang, jenne-tai.wang@gm.com

The Virtual Human Body Models
The GHBMC virtual human body models are designed to replicate the biomechanics and
kinematics of the human body in a variety of scenarios. Virtual human models are a costeffective platform for state of the art development of injury metrics or risk functions for the
human body, analysis of potential safety countermeasures, and application of modeling studies
in emerging topics within sports, military, and automotive applications.

Agenda: Sunday, June 4, 2017 Morning Sessions
• 8:00-8:50 am: Breakfast & Registration – Judea Ballroom
• 8:50-9:15 am: Welcome and Opening Remarks – Galilee Ballrooom
Scott Gayzik, Elemance LLC
‘Preparing for the Future…Now…’ - Kenneth Bonello, GM
• 9:15-10:15 am: Session I –Pedestrian Applications
Chair: Matthew Panzer
-Pedestrian Finite Element Models for Simulating Traffic Accidents
Costin Untaroiu, Virginia Tech
-Euro NCAP Pedestrian Impact Tests Simulations with GHBMC Human Models for a
Large SUV
Jay Zhao, Takata
-A Human Body Model Simulation Framework for Estimating Pedestrian Injury
Reduction Due to Automatic Emergency Braking
Mark Neal, General Motors

• 10:15-10:35 am: Break (20min)
• 10:35-11:15 am: Session II –Thorax & Lower Extremity Response
Chair: Xavier Trosille
–The Effect of Pre-existing Rib Fractures on the Thorax Response of the GHBMC
Full-Body Model in Frontal Hub and Seatbelt Loading Conditions
Lauren Wood Zaseck, UMTRI
–Influence of Seatbelt on Lower Spine Forces in Frontal Crash: A Numerical Study
using GHBMC M50-OS
Mike Arun, Medical College of Wisconsin

• 11:15-11:35 am: Break (20 min)
• 11:35-12:15 pm Session III – Model Morphing Applications
Chair: Philippe Beillas
−Stature and Body Shape Effects on Driver Injury Risks in Frontal Crashes: A
Parametric Human Modeling Study
Jingwen Hu, UMTRI
−Targeted Aging in GHBMC Models
Samantha Schoell, Wake Forest University

Agenda: Sunday June 4, 2017 Afternoon Sessions
• 12:15-1:30 pm: Lunch (Provided in the Judea Ballroom)
• 1:30-2:30 pm: Session IV – Biofidelity & Validation Studies
Chair: Samantha Schoell
–Quantitative evaluation of the occupant response of GHBMC M50-O and GHBMC M50OS in near-side oblique frontal impact sled test
Matthew Panzer, University of Virginia
–Biofidelity assessment of the GHBMC detailed average male occupant in the frontal
sled test environment
Jeremy Schap, Wake Forest University CIB
–Model Validation and Development of Crash Induced Index for GHBMC Head Models
Tushor Arora, Wayne State University

• 2:30-2:50 pm: Break (20 min, snacks in Judea Ballroom)
• 2:50-3:50 pm: Session V – Positioning Tools & Applications
Chair: Jingwen Hu
–Applications of the GHBMC Models Using the PIPER Tools
Philippe Beillas, Univ. Lyon, Ifstarr-Universite Claude Bernard Lyon
-Validation of GHBMC M50-OS for Spaceflight Configuration Testing
James Gaewsky, Wake Forest School of Medicine
–Simulation of Out of Position Response to Deployment of Driver Airbag Using 5%-ILE
Hybrid III And Global Human Body
Chin-Hsu Lin, GM America

• 3:50-4:00 pm: Closing Remarks - Scott Gayzik

• 4:00-5:30 pm: Please join us for a Cocktail Reception in the Judea Ballroom

Todays’ wifi password is ghbmc2017

Session I – Pedestrian Applications
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Pedestrian Finite Element Models for Simulating Traffic Accidents
Costin D. Untaroiu11, Yunzhu Meng1, Wansoo Pak1, Scott Gayzik2
1. VT-WFU Center for Injury Biomechanics, Virginia Tech University
2. VT-WFU Center for Injury Biomechanics, Wake Forest University
Introduction: Pedestrians represent one of the most vulnerable road users and comprise nearly 22 percent of the
road crash related fatalities in the world. Given an impact event, the probability for a pedestrian to be injured in a
traffic crash is much higher than that for an occupant. In the USA, the pedestrian fatalities show an increasing trend
from 11% of total traffic fatalities in 2007 to about 15% in 2015 [2]. In addition, the number of pedestrian fatalities
in 2015 was at the highest level (5,376) of the last 20 years. Approximately, 7.7% of pedestrians injured in traffic
accidents were killed whereas this ratio for vehicle passengers is only 1%. The main goal of this study was to
validate finite element (FE) models corresponding to a 5th female, 50th male, 95th male and 6year old simplified
pedestrians in standing postures and show some model applications.
Materials and Methods: The 50th male pedestrian FE model (M50-PS) mesh is based on the GHBMC 50th
percentile male occupant model (M50-O). Other pedestrian models were developed through morphing the M50-PS
to target surface scans from subjects. Initially, material properties of all pedestrian models were defined as those
used in M50-O model. To validate the FE models at a component level, impact simulations were performed on
knee joint, lower extremity and upper body based on literature data. Simulation setups for each impact test were
modelled and implemented in the FE software (LS-Dyna, LSTC, Livermore, CA). Then, the whole body FE models
were verified in CPC simulations against two pedestrian sedan bucks.
Results and Discussion: <Overall, the models showed promising results and a good capability to predict the injury
risk of pedestrians during lateral car impact. In terms of injury predictions, the models predicted initial MCL/ACL
ruptures in the right knee (the first one impacted by the car) followed by LCL/ACL ruptures in the left knee. These
types of injuries were observed in the PMHS impacted in CPC tests. Future work will be focused improving model
stability in CPC simulations and validation the buck models to investigate the influence of vehicle front end on the
pedestrian injuries.
Conclusions: Pedestrian finite element models were developed and validated in this study. The adult models
showed relatively accurate results against PMHS test data recorded in components and CPC tests. Generally, the
validated pedestrian models will be used by safety researchers in the design of front ends of new vehicles in order
to increase pedestrian protection.
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Euro NCAP Pedestrian Impact Tests Simulations with GHBMC Human Models for
a Large SUV
Jialou Hu1, Maika Katagiri1, Jay Zhao1, Larry Wilmot1
1. TK Holdings, Inc
Introduction: For a large SUV the Euro NCAP pedestrian testing protocol were simulated using GHBMC
human models. This study is to understand better the injury patterns of the human head and lower legs in the
simulated impact conditions and to quantify differences of the body region injury measures between the human
model and the surrogate test devices.
Materials and Methods: Simulations were conducted for a large sport utility vehicle (SUV) of 2910kg weight
with the vehicle speed of 40 km/h impacting individually to all human pedestrian statures of 6 year-old, 5th%tile
female, 50th%tile male and 95th%tile male that resulted in head contact to bonnet. The applied pedestrian full body
models were GHBMC 6YO-PS v1.0, F05-PS v1.0, M50-PS v1.0 and M95-PS v1.0, whose position and stance
were defined according to Euro NCAP Pedestrian Impacting Protocol. From the simulations both head impact
time (HIT) and the wrap around distance (WAD) were recorded. Furthermore, additional simulations were
conducted for Euro NCAP legform testing using Humanetics FLEX-PLI v1.0 model, and for Euro NCAP
headform testing using ARUP Pedestrian Headform Models (Adult 4.5kg & Child 3.5kg Version 1.0) for the
same vehicle at the contact locations. Injury measures of HIC for the head, Tibia Bending and Knee elongation for
the lower leg were calculated from the test devices models and compared with corresponding outputs from the
GHBMC models.
Results and Discussion: From the whole vehicle impact test simulation, the head impact time (HIT) and the wrap
around distance (WAD) calculated from the simulations for the vehicle were shown in Figure 1. The head-tobonnet contact forces were from 2.1KN for the 6YO to 9.5KN for the 95th%tile.

Figure 1. WAD vs. HIT from the simulations.

From the headform impact test simulations, differences of the head injury measures of HIC between the
calculated from the human models and the ones form the headform models were observed. From the legform test
simulations, the injury measures of the lower legs from the legform model were also different from those from the
human models. The injury patterns and possible injury mechanisms of the head and lower legs were discussed.
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Conclusions: GHBMC pedestrian models are applicable for Euro NCAP pedestrian assessment protocol for the
large SUV in this study.
References:
1) European New Car Assessment Programme Pedestrian Testing Protocol, Version 8.2, November 2015.
2) GHBMC Pedestrian Human Body Models User’s Manual, November 2016.
3) Humanetics, FLEX PLI GTR Model LS-Dyna Release Version 1.0 User’s Manual, December 2010.
4) ARUP, Pedestrian Headform ModelsAdult 4.5kg & Child 3.5kgVersion 1.0 User’s Manual, December
2010.
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A Human Body Model Simulation Framework for Estimating Pedestrian Injury
Reduction Due to Automatic Emergency Braking
Mark O. Neal, Dhananjaya BC
General Motors Corporation
Introduction: Pedestrian injuries/fatalities are a significant percentage of all traffic injuries/fatalities, and in the
U.S. are on the rise [1]. One strategy automobile manufacturers have employed to reduce pedestrian injuries is
pedestrian detection systems coupled with automatic emergency braking (AEB) in order to slow or stop the
vehicle prior to pedestrian impact. The effectiveness of such systems has been estimated by using crash
databases [2]. However, since AEB systems are relatively new, there is limited crash data available for vehicles
with such systems. An alternative approach, which is used in this study, is to use computer simulations of
pedestrian accidents.
Materials and Methods: In this study a Latin Hypercube DOE of different impact scenarios was created, with
input parameters as shown in Figure 1. The simulations were performed with both the 50th %ile Male (Figure 2)
and 6-year-old child versions of the GHBMC pedestrian models [3]. Kriging response surfaces were created with
the results of these DOE simulations for different injury parameters, i.e., HIC (Figure 3), femur fracture, and tibia
fracture. The risk of injury was then estimated for a large number of impact scenarios using the response surfaces
for different AEB strategies (Figure 4), and with both the AEB system activated and not activated (Figures 5-6).

Figure 1. Input parameters of
pedestrian impact simulation DOE.

Figure 2. Typical pedestrian head
impact and resulting head acceleration
time history.

Figure 3. “Leave one out”
validation of Kriging response
surface for HIC.

Results and Discussion: This preliminary study of the effect of AEB systems shows a significant reduction in
pedestrian injuries when an AEB system is activated. However, the study was performed with a generic study
vehicle that was not otherwise designed for pedestrian protection, so the results should not be extrapolated to the
general case.

Figure 4. “Soft” and “Hard” AEB Strategies.

Figure 5. Head injury risk Figure 6. Head injury risk
as a function of vehicle vel. as a function of vehicle vel.
for “Soft” braking strategy. for “Hard” braking strategy.

Conclusions: A methodology and tool has been developed in this study that can be used to estimate the benefit of
different automatic emergency braking system strategies in reducing the risk of injuries to pedestrians.
References: [1] “Traffic Safety Facts,” National Highway Traffic Safety Administration, DOT HS 812 318 (August, 2016).
[2] Rosén, Erik, et.al.,“Pedestrian Injury Mitigation by Autonomous Braking,” Accident Analysis & Prevention, Vol. 42 (November 2010).
[3] Untaroiu, Costin, et.al. “Development and Preliminary Validation of a 50th Percentile Finite Element Model,” ASME 2015 International
Design Engineering Technical Conferences, Boston, MA (August 2015).
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The effect of pre-existing rib fractures on the thorax response of the GHBMC fullbody model in frontal hub and seatbelt loading conditions
Lauren Wood Zaseck1, Cong Chen1, Jingwen Hu1, Matt Reed1, and Jonathan Rupp2
1
University of Michigan Transportation Research Institute, Ann Arbor, Michigan; 2Department of Emergency
Medicine, Emory University, Atlanta GA
Introduction: Post-mortem human subjects (PMHS) with pre-existing rib fractures (PERFs) are commonly
assumed to have a different thoracic response to loading than those without PERFs. Consequently, PMHS with
PERFs are typically excluded from impact studies, and PMHS that are used in impact tests usually undergo only
one impact. We previously showed that up to six PERFs have little influence on the GHBMC thorax response in
lateral loading [3], but the influence of PERFs in frontal loading has not been investigated. Given the difficulty in
acquiring PMHS for impact testing, the goal of the present study was to use the GHBMC whole-body model to
examine the influence of PERFs on thorax response to frontal hub and seatbelt loading conditions.
Materials and Methods: PERFs were simulated on the GHBMC v4.3 whole body model by detaching elements
through the cross-section of the rib and adding contacts to the detached surfaces. Two test conditions were
simulated: a 6.7 m/s Kroell hub impactor condition [1], and a Shaw seatbelt loading condition with a total ΔV of
11.1 m/s [2]. The scenarios simulated for each condition included models with a single PERF on right rib 2, 4, or
6, PERFs on right ribs 2-7, and bilateral PERFs on ribs 3-5, with the PERFs located on the anterior or lateral
region of the rib. Each model was compared to a baseline model with no PERFs. Rib failure criteria were the
default GHBMC values. Reaction forces, thorax compression, and rib strains were extracted using LS PrePost.
Results and Discussion: PERFs generally had a minimal influence on predicted thorax force-compression
response in either loading condition. The greatest changes in response were seen in the hub impactor loading
models with PERFs on ribs 2-7 (Figure 1), with increases in hub force and chest compression of 7-13% seen
compared to the baseline condition. PERFs also tended to reduce the maximum strain on the affected ribs, with
little influence on the non-PERF ribs. The results suggest that the influence of up to six PERFs on the GHBMC
thorax is small relative to the midmale target response corridors for the loading conditions simulated.
Additionally, given the lack of influence of PERFs in the seatbelt loading condition, it is likely that the seatbelt
distributes the applied load across the ribcage in a manner that mitigates the influence of any PERFs.

Figure 1. Thorax force-compression responses for the hub impactor (left) and seatbelt (SB; right) loading conditions.

Conclusions: We demonstrate that up to six PERFs minimally influences GHBMC thoracic force-compression
response, suggesting that PMHS with a small number of PERFs may be appropriate for frontal impact testing.
References: 1) Kroell CK, Schneider DC, and Nahum AM. SAE Technical Paper 710851, 1971. 2) Shaw CG, et
al. Stapp Car Crash J. 2009, 53, 1-48. 3) Zaseck LW, et al. IRCOBI Proc. 2016.
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Influence of Seatbelt on Lower Spine Forces in Frontal Crash: A Numerical Study
using GHBMC M50-OS
Prasannaah Hadagali1, Narayan Yoganandan1, Frank A. Pintar1, Mike W. J. Arun1
1. Department of Neurosurgery, Medical College of Wisconsin, Milwaukee WI 53226
Introduction: Compression injuries to the human thoraco-lumbar spine (T12-L5) have been widely reported in
frontal car-crash scenarios [Pintar 2012]. Various theories that have been hypothesized [Ball 2000, Inamasu 2007]
have attributed restraint systems to be the cause of such injuries. However, there is a lack of scientific evidence
that support the hypothesis. The objective was to conduct a preliminary study using simplified GHBMC human
body model (HBM) in an attempt to delineate the influence of seatbelt restraint on lower spine injury in frontal
impacts.
Materials and Methods: The baseline set-up consisted of restrained simplified male occupant FE model (GHBMC
M50-OS) with its standard posture. The model was gravity settled on a deformable OEM driver seat (Ford Taurus
2001). The model was belted with a standard three-point seatbelt system that included pretensioner and a load
limiter. Steering wheel model consisted an airbag that was timed to deploy 10 ms into the crash event. A kneerestraint and foot-rest were placed at an appropriate distance from the HBM (Figure 1). The distance of the HBM
from the vehicle interior was based on the standard FMVSS 208 setup. Frontal pulse peaking at 77.5 g at 45 ms was
used to drive the set-up with an initial velocity of 18 m/s. To further examine the effect of seatbelt, two additional
simulations were performed by removing the lap belt and shoulder belt from the baseline model. This resulted in a
total of three simulations. The lower spine z-forces were extracted from the model at the L5-S1 level. The forces
were compared between the three cases.

Figure 1. Baseline Model and deceleration pulse.

Table 1. Lumbar Z-peak forces

Results and Discussion: The peak z-forces and the times of peaks for the three cases are reported in Table 1. Case
with only lap belt induced the least compressive force and resulted in higher tensile force (840 N). This tensile force
was attributed to the forward motion of the unrestrained torso due to inertia while the lap belt restraining the pelvis.
However in cases 1 and 2, the lap belt restricted the forward motion of pelvis, while shoulder belt restricted the
torso, resulting in compressive lumbar forces (2 and 2.58 kN respectively).
References:
Pintar .F. A et al. (2012). “Thoracolumbar Spine Fractures in Frontal Impact Crashes.” Annu Proc Assoc Adv
Automot Med 56: 277-283.
Ball, S.T. et al. (2000). “Injuries of the thoracolumbar spine associated with restraint use in head-on motor vehicle
accidents.” J Spinal Disord 13: 297-304.
Inamasu, J., Guiot, B.H. (2007). “Thoracolumbar junction injuries after motor vehicle collision: are there
differences in restrained and nonrestrained front seat occupants?” J Neurosurg Spine 7: 311-314.
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Stature and Body Shape Effects on Driver Injury Risks in Frontal Crashes: A
Parametric Human Modeling Study
Kai Zhang1, 2, Jingwen Hu1, Abeselom Fanta1, Monica L.H. Jones1, Matthew P. Reed1, Mark Neal3, Jenne-Tai
Wang3, Chin-Hsu Lin3 and Libo Cao2
1. University of Michigan Transportation Research Institute, Ann Arbor, MI, USA
2. State Key Laboratory of Advanced Design and Manufacturing for Vehicle Body, Hunan University,
Changsha, Hunan, China
3. General Motors Holdings LLC, Warren, MI, USA
Introduction: Current procedures for evaluating vehicle safety designs for drivers are mainly focused on midsize
men, while field data analyses have shown significant stature and obesity effects on occupant injury risks in
frontal crashes. Driving postures and positions vary widely and hence restraint interactions may also be expected
to differ. The objective of this study is to investigate the stature and body shape effects on driver injury risks in
the US-NCAP frontal crash condition using a parametric finite element (FE) human model capable of simulating
a diverse population.
Materials and Methods: Six FE human models, including three models corresponding to the three sizes of adult
ATDs (small female, mid-size male, and large male) and three obese models with the same three statures of adult
ATDs but a BMI of 40 kg/m2, were developed by morphing the GHBMC M50-OS model using a landmark-based
radial basis function (RBF) and a regional mesh morphing approach. The target geometries were predicted using
statistical models of external body shape and the skeleton (ribcage, pelvis, femur and tibia) developed previously.
A previously validated FE vehicle model was used. The human models were positioned according to the hip and
eye locations predicted by a driving posture model developed previously based on measurements from 68
volunteers. US-NCAP frontal crashes were simulated with all the six human models on the driver side. Injury
risks were calculated for the head, neck, chest, lower extremities, and the combination of the four body regions
(Pjoint), based on the injury risk curves for the three sizes of ATDs by assuming that obesity does not affect
injury risk curves.
Results and Discussion: For both non-obese and obese drivers, short female (Pjoint=11.1% and 19.9%) and tall
male (Pjoint=7.3% and 10.3%) had higher injury risks than mid-stature male (Pjoint=6.9% and 7.6%); while at
the same stature, simulations of obese drivers produced higher Pjoint than were observed for the non-obese
drivers. The short obese female produced the highest Pjoint among all the six models. These simulations predict
that obese occupants will tend to have higher lower extremity and chest injury risks in severe frontal crashes due
to differences in kinematics relative to lower-BMI individuals, while short and tall occupants may interact with
the airbag differently than the midsize male, which increases chest injury risks. The head and neck injury risks
may also be increased slightly for tall subjects due to changes in the interaction between the head and the airbag.
These trends in injury risk with driver attributes are broadly consistent with previous analyses of crash data.
Conclusions: This simulation study suggests that driver body size and shape affect occupant interactions with the
restraints, occupant kinematics, and injury risks in severe frontal crashes. Vehicle safety designs should consider
ways to provide protection for short, taller, and obese occupants that is comparable to the protection afforded
midsize men.

2017 GHBMC Users’ Workshop
Inn at St. John’s, Plymouth, MI, June 4th, 2017
References:
1. Reed, Matthew P., and Matthew B. Parkinson. "Modeling variability in torso shape for chair and seat
design." ASME 2008 International Design Engineering Technical Conferences and Computers and
Information in Engineering Conference. American Society of Mechanical Engineers, 2008.
2. Wang, Yulong, et al. "A parametric ribcage geometry model accounting for variations among the adult
population." Journal of biomechanics 49.13 (2016): 2791-2798.
3. Klein, Katelyn F., et al. "Development and validation of statistical models of femur geometry for use with
parametric finite element models." Annals of biomedical engineering 43.10 (2015): 2503-2514.
4. Hwang, Eunjoo, et al. "Development, evaluation, and sensitivity analysis of parametric finite element
whole-body human models in side impacts." Stapp car crash journal 60 (2016): 473-508.
5. Reed, Matthew P., et al. "A statistical method for predicting automobile driving posture." Human Factors:
The Journal of the Human Factors and Ergonomics Society 44.4 (2002): 557-568.
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Targeted Aging in GHBMC Models
Ashley A. Weaver1,2, Samantha L. Schoell1,2, Joel D. Stitzel1,2, F. Scott Gayzik1,2
1. Wake Forest University School of Medicine
2. Virginia Tech – Wake Forest University Center for Injury Biomechanics
Introduction: Current full human body FE models are developed using characteristics of both the young and old
adult population. Typically, geometry is based on younger subjects derived from medical imaging data while
material properties and validation experiments use primarily older post mortem human surrogate (PMHS) subjects
since younger PMHS subjects are difficult to obtain. As a result, the exact age of these models is difficult to
determine. The objective of this study is to modify existing full human body FE models to develop specific
targeted age models by altering geometry and material properties as well as validating the models based on agespecific related corridors.
Materials and Methods: The techniques described in this study can be applied to any full human body FE model
of varying anthropometry, sex, and detail. The focus of this work includes modification of the Global Human
Body Models Consortium (GHBMC) suite of full human body FE models. For a targeted age, age-related changes
in geometry of regions such as the skull, brain, thorax, pelvis, femur, and tibia can be adjusted using populationbased statistical models. Additional age-related geometry changes in muscle volume and other soft tissues can be
collected retrospectively. Morphing techniques can be used to generate the age-specific FE models based on these
age-related geometry changes. Age-related changes in the skull, rib cage, lumbar spine, and femur cortical
thickness can also be implemented using data collected from a cortical thickness estimation algorithm which can
be mapped directly to the FE model. Age-related changes in the material properties of the brain, skull, thorax,
pelvis, femur, and tibia can be adjusted using aging functions in the literature. Age-specific material properties of
other regions can also be derived from computed tomography (CT) scan data using elasticity-density relationships
from the literature. In terms of validation of the age-specific models, age-based scaling approaches can be used to
scale specimen response or focus on a subset of PMHS specimens that closely match the age of the given model.
(a)
(b)
(c)
Rib Cortical Bone

Figure 1. Development of age-specific models (a) age-related geometry changes and morphing techniques, (b)
characterization of variable cortical thickness, and (c) adjustment of material properties using aging functions.

Results and Discussion: Applications of these methods include the development of a 65 year old GHBMC M50O model to investigate age-related injury risk [1]. In addition, these methods have been used to develop subjectspecific models of the GHBMC M50-O v4.4 femur of obese, older adults to study the effect of intentional weight
loss on bone strength and structure over 18 months.
Conclusions: Age-specific FE models will lead to an improved understanding of the complex relationship
between structural, compositional, and mechanical properties, and injury risk.
References: [1] Schoell, SL et al., Stapp Car Crash J, 59:359-383. 2015.
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Quantitative evaluation of the occupant response of GHBMC M50-O and GHBMC
M50-OS in near-side oblique frontal impact sled test
David Poulard1, Hongnan Lin1, Greg Shaw1, Matthew B. Panzer1
1. University of Virginia, Center for Applied Biomechanics, Charlottesville, VA, USA
Introduction: Historically, occupant safety research has focused on full frontal impacts to define occupant
response, assess injury risk, and develop countermeasures for occupant protection. Recently, research efforts have
focused on oblique frontal collisions to better understand the occupant response and countermeasure efficacy for
some of the most frequent real-world crash modes (Acosta et al. 2016). Human body models (HBM) offer some
promising advantages as advanced injury prediction tools to investigate the biomechanical response of the human
body in this crash condition. Therefore, the goal of this study was to assess the biofidelity response of the Global
Human Body Model Consortium (GHMBC) 50th percentile male occupant models for near-side oblique crash
conditions.
Materials and Methods: The models used in this study are GHBMC M50O and GHBMC M50-OS which have been widely used to investigate the
biomechanics in vehicle impact. Biofidelity evaluation was performed by
comparing the HBM responses to PMHS sled tests performed at the
University of Virginia (Acosta et al. 2016). Biofidelity targets consisted of
the 3D trajectories (head, T1, T8, L2, pelvis and shoulders), thoracic
deformation, and restraint forces measured from three male PMHS with
anthropometry approximate to a 50th percentile male. Sled test conditions
are based on the UVA Gold Standard III setup, which simulates a 30 kph, 30
degree near-side oblique frontal collision (Fig 1). A quantitative assessment
of model response of was performed through metrics obtained with the
CORA package.

Figure 1. HBM integration with
Gold Standard III setup

Results and Discussion: M50-OS and M50-O were able to reproduce the predominant occupant motions as well
as the predominant thoracic deformation observed in the PMHS. Both models also showed some discrepancies
compared to the PMHS response, including less spine lateral displacement between the HBMs and the PMHS. A
parametric analysis on pre-test posture and restraint friction showed that these factors altered model kinematics
but did not improve the overall biofidelity of the models. GHBMC M50-O was able to predict rib fracture as well
as clavicle fracture which both were reported on PMHS. However, the M50-O was not able to reproduce the
severity of chest and cervical damage observed for two of the three subjects. GHBMC M50-OS was not intended
to predict crash induced injuries based on tissue-level criterion, but virtual instrumentation such as accelerometers
or deflection sensors are mean to be the proxy.
Conclusions: The response of GHBMC M50-OS and GHBMC M50-O was evaluated in near-side oblique crash
conditions and compared to cadaveric data. In general, both models compared favorably to the PMHS responses
but local differences in occupant kinematics were observed. Injury prediction for M50-O was found satisfactory
despite a tendency for under-predicting rib fractures. This result highlights the need for validation data and model
evaluation at the component level for the ribcage and the spine to help determine the correct model responses.
References: Acosta, S., Ash, J., Lessley, et al. (2016). Comparison of Whole Body Response in Oblique and Full
Frontal Sled Tests. IRCOBI. Malaga, Spain.
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Biofidelity Assessment of the GHBMC Detailed Average Male Occupant in a
Frontal Sled Test Environment
Jeremy M. Schap12, Berkan Guleyupoglu12, Ryan Barnard1, F. Scott Gayzik12
1. Wake Forest School of Medicine
2. Virginia Tech-Wake Forest Center for Injury Biomechanics
Introduction: A frontal deceleration sled test published by Shaw et al. provides extensive kinematic, kinetic, and
injury data on restrained, average male PMHS. The goal of this study was to utilize this test to assess the fullbody biofidelity of the GHBMC 50th percentile detailed male occupant model (M50-O) v. 4.5 against these data,
as well as to evaluate rib failure predictions and belt path sensitivity versus this dataset.
Materials and Methods: The experimental setup was a rigid planar
seat and 3-point shoulder and lap belt with no retractor. It was
decelerated from an initial velocity of 40 km/h [1]. No other
countermeasures were included (e.g. airbag) and the lower extremities
were fully restrained. A total of 53 output channels were used to
provide kinematic, deflection, reaction force and belt force data for
each PMHS [1, 2]. A previously published finite element model of the
experimental buck was used for the environment [3]. The M50-O
limbs were repositioned to match an approximate buck posture for the
PMHS, followed by gravity settling. The model was belted, and given
the deceleration pulse. Simulations were performed on LS-Dyna
R7.1.2 on a high-performance cluster. Corridors of the threedimensional motion, chest deflection, environment reaction forces and
seatbelt forces were created from the PMHS data (n = 5) and CORA
was performed using corridor magnitude factors (CMF) to express
greater weight for channels in the plane of motion. Simulations were
run two ways, with rib failure modeled by erosion of the cortical
(shell) rib elements for a deterministic analysis and with a probabilistic analysis of rib failure based on maximum
principal strain. Furthermore, a sensitivity analysis of the shoulder belt path was performed.
Results and Discussion: With respect to the corridors, the M50-O received an average CMF-weighted CORA
score of 0.84 and 0.64 in the seatbelt and reaction forces, respectively. The M50-O received an average CMFweighted CORA score of 0.77, 0.59, and 0.64 in the head, chest, and spine kinematics, respectively. Preliminary
analysis of rib failure data indicates that the probabilistic approach yields more predicted failed regions (FRs) than
the deterministic approach. The best agreement with individual rib kinematics was found at locations closest to
the experimentally observed and reported belt path on the PMHS (sternum and lower left chest locations).
Conclusions: The baseline M50-O model produced a reasonable match to the PMHS kinetic and kinematic
corridors. The probabilistic method predicted FRs in greater agreement with the observed PMHS data than the
deterministic approach based on element elimination. Rib deflection kinematics showed sensitivity to belt path.
References: [1] Shaw et al., “Impact response of restrained PMHS in frontal sled tests”, Stapp, 2009 [2] Ash et
al. PMHS restraint and support surface forces” Journal of Automotive Engineering, 2013 [3] Poulard et al.,
“Contribution of pre-impact posture on restrained occupant”, TIP, 2015
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Model Validation and Development of Crash Induced Index for GHBMC Head
Models
Tushar Arora, Runzhou Zhou, Varun Pathak, Liying Zhang
Wayne State University, Detroit, MI
Introduction: Finite element (FE) modelling can serve as a powerful tool to study biomechanical processes of
head and brain injuries that are difficult to investigate experimentally on living human subjects. Recently, an
anatomically detailed human head model, the GHBMC (Global Human Body Modelling Consortium) M50,
representing a 50th percentile adult male has been developed, validated and used to develop tissue level injury
criteria for head injuries. The objective of this study was to validate a detailed GHBMC 5th percentile adult
female (F05) head model which accounts for gender related size, geometry and anatomy in order to properly
predict injury risk sustained by this population. Crash Induced Injury (CII) criteria for injuries to the skull, face,
and brain of various regions were developed to enable the prediction of the injury risk.
Materials and Methods: Thirty-one sets of published cadaveric head impact experimental data were simulated to
validate the biomechanical response of the head model in terms of force-deflection for various facial and cranial
bones as well as intracranial pressure and brain/skull relative displacement for the brain in various regions. Fortyfour sets of head impact experiments with injurious and non-injurious conditions were simulated to develop tissue
level CII values for skull fracture, facial fracture, acute subdural hematoma, cerebral contusion as well as diffuse
axonal injury at various white matter structures/regions.
Results and Conclusions: The current GHBMC F05 FE head model has been subjected to rigorous validation
against all existing data head impact experiments and responses. Model predicted biomechanical responses
correlated well to the experimentally measured results with objective correlation ratings greater than 0.7 as
assessed by CORA. The current model is capable of predicting six different head injury types affecting nine
regions/locations with reasonable predictive capabilities. With further improvement and exercises, the GHBMC
human head models can enable assessment of possible real-world injury scenarios to understand the injury
mechanisms and allow for engineering improvements to help prevent potential head/brain injury from traumatic
events.
Acknowledgement: Global Human Body Modelling Consortium, LLC
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Applications of the GHBMC models using the PIPER tools
Philippe Beillas1,2, Anicet Le Ruyet1, Erwan Jolivet3, Pascal Baudrit3, Eric Song4, Philippe Petit4
1. Univ. Lyon, Ifsttar-Université Claude Bernard Lyon 1, LBMC, UMR_T9406, Bron, France
2. On Behalf of the PIPER Consortium
3. CEESAR, France
4. LAB-PSA Peugeot -Renault, France
Introduction:
While the performance of Human Body Models (HBM) such as the GHBMC family has been improving,
positioning them in application environments and personalizing them to match different body dimensions can be a
challenge. The PIPER EU project aims to develop methods and tools to facilitate such tasks for leading HBMs
including the GHBMC. The objectives are to report on the support of the GHBMC models in the PIPER tools,
and to show two examples of applications.
Materials and Methods:
The applications selected for the study two of the GHBMC model families:
 Submarining: the GHBMC M50 v4.4 model was used in simulations of sleds conducted on Post Mortem
Human Surrogates (PMHS) and published in Luet et al. (2012). The PIPER tools were used to position
the model on the sled and to adjust its anthropometric characteristics to match those of the PMHS (using
measurements performed on the CT-scan).
 Pedestrian: the simplified GHBMC M50 model was used in simulations of pedestrian tests conducted
with PMHS and simplified vehicle front-ends. The PIPER tools were used to position the model as the
PMHS (leg in particular) and also to adjust its characteristics to better represent the specific PMHS
In both cases, metadata were developed to allow the import of the
models in the PIPER tools.
Results and Discussion:
Through the applications, the results include an overview of the
metadata definition and the software capability. The focus is on
the methodology (time needed for the transformation, workflow
definition and comparison) rather than specific biomechanical
results. Positioning with PIPER will be compared with positioning
by simulation, and scaling using anthropometric dimensions will
be compared to the absence of scaling.
Conclusions:
Figure 1 – Left: GHBMC M50v44 scaled
While work is still in progress, the tools could significantly help
to dimensions of the PMHS 635 tested in
future work with the GHBMC models in a range of applications
Luet et al. (2012), Right: GHBMC
(e.g. better matching the PMHS characteristics in validation
M50v44 (baseline)
studies, positioning in a vehicle). The PIPER tools (will be 
were) released under the Open Source GPL license (v2 or later) end of April 2017.
References:
Luet et al. (2012) Stapp Car Crash J. 2012 56: 411-442
Acknowledgement: This research has received funding from the European Union Seventh Framework Program
([FP7/2007-2013]) under grant agreement n°605544 [PIPER project]). More information about the project,
partners, ongoing activities, roadmap and model release can be found at www.piper-project.eu.
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Validation of GHBMC M50-OS for Spaceflight Configuration Testing
James P. Gaewsky1, Derek A. Jones1, Mona Saffarzadeh1, Kyle P. McNamara, Xin Ye, F. Scott Gayzik1, Ashley
A. Weaver1, Joel D. Stitzel1
1. Wake Forest School of Medicine
Introduction: Injury assessment reference values (IARVs) are based on experimental tests in application specific
configurations. However, the extensibility of IARVs developed for automotive or military loading scenarios may not
translate directly to spaceflight conditions. This study aims to validate the GHBMC M50-OS against human subjects
in experimental spaceflight configuration sled tests and drop tower testing.
Materials and Methods: Between 1976 and 1999, 213 human volunteer tests were performed in four unidirectional loading directions: -X (frontal), +X (rear), +Y (lateral), and +Z (vertical). In each test, the subjects
were restrained using a 5-point belt system in a flat pan seat with a vertical back [1][2]. The human volunteer tests
comprised a total of 23 different loading configurations summarized in Table 1.
Table I: Summary of Test Configurations
These
experimental
tests
were
reconstructed using the recorded impulses
Loading
#
Range of Impulse
Range of Impulse
from the physical tests and the
Direction Configurations Peak Acceleration (G)
Rise Time (ms)
measurements of the seat and restraint -X, Frontal
11
10
50 – 80
4
10 – 20
20 – 30
geometries. In the case of Y directional +X, Rear
+Y,
Lateral
5
8
–
10
70 – 80
impacts, a side guard was added to the
+Z, Vertical
3
3–6
35 – 80
model to match the physical testing
conditions. For the 23 test configurations, the GHBMC 50th male simplified occupant (M50-OS) was positioned
to match physical testing by applying 150ms of gravity settling and pretensioning the belts. Immediately
following positioning, prescribed acceleration impulses were applied to the seat model to drive kinematics.
Subsequently, simulation signals in the head and chest were compared to matched physical signals using CORA [3].
Scores closer to 0 indicate poor match, and scores closer to 1 indicated higher degree of similarity.

Results and Discussion: Because the experimental data was collected from human volunteers, there was limited
instrumentation to compare between simulation and physical experimental data. In the frontal loading scenarios,
the simulated occupant kinematics closely matched the experimental data across several injury metric signals. For
example, in the frontal simulation with peak acceleration of 10 G and 70 ms rise time, the following signals
closely matched experimental data for head CG resultant acceleration (CORA = 0.64) and sternum x-acceleration
(CORA = 0.54).
Conclusions: The simulated kinematics of GHBMC M50-OS closely mimicked the kinematics of the
experimental test subjects. The GHBMC M50-OS can serve as an adequate tool to represent human volunteers in
spaceflight configuration loading scenarios.
References: [1] Perry et al., “Biodynamic Modeling of Human Neck Response during Vertical Impact”, SAFE
Journal, 1997 [2] Perry et al., “The Effects of Variable Helmet Weight on Head Response and Neck Loading
During Lateral +Gy Impact.’ Proceedings of the 41st Annual SAFE Symposium, 2003 [3] C. Gehre, H. Gades, and
P. Wernicke, in 21st International Technical Conference on the Enhanced Safety of Vehicles Conference (ESV),
Stuttgart, Germany, June, 2009, pp. 15-18.
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SIMULATION OF OUT OF POSITION RESPONSE TO DEPLOYMENT OF
DRIVER AIRBAG USING 5%-ILE HYBRID III AND GLOBAL HUMAN BODY
MODELS
Ashish Nayak1, Ke Dong2, Chin-Hsu Lin2, Michelle Schafman2, Jiri Kral2
1. General Motors (GM), India
2. General Motors (GM), United States
Introduction: Vehicle and airbag manufacturers work continuously to identify new analysis and testing tools for
improved understanding of the mechanisms and risk assessment of airbag inflation induced injuries. Newly
available tools to study the response from the deployment of an airbag for an out-of-position (OOP) small
occupant include finite element human body models.
Materials and Methods: This study uses the model developed by the international Global Human Body Models
(GHBM) Consortium. Physical driver airbag OOP tests with the 5th percentile female Hybrid III dummy (H-III 5F)
were compared to corresponding CAE models representing driver positions 1 and 2 as defined by FMVSS 208,
section 26. The H-III 5F model was then replaced with the 5th percentile female detailed GHBM in these models.
The simulations with the H-III 5F and the simulations with the GHBM were compared in terms of driver airbag
kinematics and occupant model response. For this study, the H-III 5F was fitted with additional accelerometers
on the sternum and spine.
Results and Discussion: The peak chest deflections and chest deflection rates of the H-III 5F and the GHBM are
similar. However, for position 2 the HIII 5F has the highest chest deflection rate at the upper sternum while the
human body model has the highest rate at the lower sternum. The head and neck responses of the H-III 5F and
the GHBM will also be compared. GHBM rib strain contours will also be shown.
Some of the differences in response may be attributed to the anatomies of the subjects. The GHBM has a
shoulder girdle and upper rib structure, affecting relative stiffness of the upper to lower thorax. The sternum
location compared to the rest of the body is lower on the Hybrid III versus the GHBM.
While the GHBM has been validated by a number of tests, it is still a new tool and its biofidelity in the OOP
environment is an assumption. Additionally, a single airbag and steering wheel design was used in this study.
Conclusions: The observations made here are considered preliminary, intended to further explore the OOP
environment and the applicability of a new technology. The GHBM allows additional insight into occupant OOP
response in comparison to using dummies, PMHS or animals.

